Weather Prediction by Numerical Process
Richardson devised a method of solving the mathematical equations that describe atmospheric flow by dividing the globe into cells and specifying the dynamical variables at the centre of each cell. Fig. 2 shows the frontispiece of his book. His caption began "An arrangement of meteorological stations designed to fit with the chief mechanical properties of the atmosphere". Pressure was to be observed at the centre of each shaded chequer and wind velocity at the centre of each white one. This staggered grid was designed to harmonise with the structure of the dynamical equations.
Chapter 11 of Richardson's book is entitled "Some Remaining Problems". The running header on page 219 is "A Forecast Factory" and §11/2 on that page is headed "The Speed and Organization of Computing". Here Richardson presents what he calls his 'fantasy', describing in detail his remarkable vision of an enormous building, similar in some respects to the Royal Albert Hall in London. Richardson did not state the source of his inspiration, but he must have been familiar with the large assembly of (human) computers at University College London organized by the renowned statistician Karl Pearson. Richardson was a mathematical assistant to Pearson in 1907 (Ashford, 1985) . Several artists have created images of the forecast factory. One particular image, which has recently come to light, is described in this note. The painting in Figure 1 Conlin's image (Fig. 1) depicts a huge building, some twenty storeys high, with a vast central chamber, spherical in form. On the wall of this chamber is a map with roughly half the globe visible, divided into red and white chequers, like Richardson's grid (Fig. 2) . The numbers in the red cells represent pressure at the model levels (Richardson's model had five layers) and those in the white cells are momenta or winds.
Richardson's description continues: "A myriad computers are at work upon the weather of the part of the map where each sits, but each computer attends only to one equation or part of an equation. The work of each region is coordinated by an official of higher rank. Numerous little "night signs" display the instantaneous values so that neighbouring computers can read them. Each number is thus displayed in three adjacent zones so as to maintain communication to the North and South on the map."
Note that Richardson's "computers" are human. The image divides the globe into about twenty zones, corresponding to an average grid-step of nine degrees latitude. Fig. 3 shows the computers working on a region around Hudson Bay in Canada (left) and a section of the computational grid near India (right); the blue hue indicates that the computations here are falling behind. The upper floor, with the desks of the four senior clerks, is shown in Fig. 5 . A banner on each desk identifies a major figure in the history of computing: Babbage, Napier, Peurbach and Pascal. Beside each desk stand a pair of pneumatic tubes for dispatching results.
Historical Characters in the Image
Several scholars and savants are depicted in the painting of the forecast factory. The artist, Stephen Conlin, provided a numerical key to the most important of these. It is reproduced in Figure 6 . Table 1 ).
A list of the individuals corresponding to each letter in the key was prepared by Prof Byrne at the time the painting was completed. Table 1 is an expanded version of this list. Pneumatic carriers were systems that propelled cylindrical containers through a pipe network using compressed air. Pneumatic tube networks were popular in the late 19th and early 20th centuries for transport of mail, documents or money within a building, or even across a city. Their use in Richardson's forecast factory is similar to their use in large retail stores, to transport documents to and from a centralized Tube Room, where operators could process or redistribute them. In the building on the right of Fig. 1 there is a large room containing computing equipment (Fig. 8) .
Presumably, this is where senior operatives are developing strategies for improving the forecasting operations. The banner reads "Scheutz Difference Engine". Table 1 , entry K).
In Fig. 10 Richardson, with his Quaker background, was no slave-driver. He anticipated the need for what we now call a good work-life balance. The above quotation is indicative of his humanitarian spirit. He spent the last few decades of his life studying the statistics of warfare in the hope of identifying the causes of human conflict.
Summary
The above extracts are just a small sample of what the original image contains. Examination of the high-resolution image with a computer visualisation program is a rewarding experience and will reveal a wealth of other interesting details.
